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zinc oxide, a zinc hydroxide benzoate, a sodium benzoate, a
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zinc oxide, a zinc phosphate, a calcium silicate, an aluminum
phosphate, a zinc calcium strontium aluminum orthophos-
phate silicate hydrate, a molybdate, and a silicate compound.

10 Claims, 6 Drawing Sheets



U.S. Patent Dec. 1, 2015 Sheet 1 of 6 US 9,200,166 B2

o~
< S
o £
~

Fig. 1A
Fig. 1B




US 9,200,166 B2

Sheet 2 of 6

Dec. 1, 2015

U.S. Patent

rAIE!

098

(10BN wddoose® yr)
(1-edA}) INuZ LooiO

(10BN wddoose® vr)
(IIFadA1) INuzZ-d0 L Loojm

= ¥y

P
u)u

N NN NN

r Ob

- 0¢

- 0€

0y

- 09

09

- 04

- 08

- 06

\vil



US 9,200,166 B2

Sheet 3 of 6

Dec. 1, 2015

U.S. Patent

0ol

0}

¢ B4

NEU\<1 ‘Ayisuap 1ua.un?d

b L0 100 1000 100070

B1EWOIYD WNJUONS ...

—Z [ejoW Uues aiey

-z |EJBW YHES 218y + SJeoliS + SBqPAION — — —

= [eJoW UMES d5ey + S3JeqPAION — - - —

suonnjos |Den wddpEgE Ul SUedS JHUPUAPOIIUS1Od

0860~
096°0-
ov6'0-
026°0-
006°0-
088°0-
008°0-
0¥8°0-
028°0-
008°0-
0840
09.2°0-
0920
0220
0040
089°0-
099°0-
0¥9°0-
0290
0090
085°0-
095°0-
0v5°0-
025°0-
005°0-

308 'sh A 'lenuslod



US 9,200,166 B2

Sheet 4 of 6

Dec. 1, 2015

U.S. Patent

004

0l

AIE|

2oy A Aysusp juauny
3 1’0 100 Sﬁ_u.o

10000

0860

096°0-

0¥6°0-

0ce'0-

006'0-

088°0-

0980

0¥8°0-

0280

0080~

0840

092°0-

0v.'0-

0¢L0-

0040

089°0-

cwmang o

T I
-
ogsptararst s

099°0-

9JRLIOIYD WNIJUOHS

sejeozUag

sejeozuag + 819IfIS + Sa}epgAlol

sajeazuag + sajeqphion

0v9'0-

1 0290

—1 0090

7 0850~

T 1 0850
— — T 0¥50
— 0250

suonnjos [DeN wddogge Ut aweudpousiod

009°0-

308 "SA A ‘enusiod



US 9,200,166 B2

Sheet 5 of 6

Dec. 1, 2015

U.S. Patent

00l

0}

G by

Awopy i ‘Aysusp jusuny

L b0 100 Sm.o 10000

S1eWOoIYD WNUOKS -

sajeydsoyd ———

sajeydsoud + SJeOlIS + S1epakiop -----~

sejeydsoyd + ajeqpAloy - —- —|

suonn|os [DeN wddgoge Ut sueds olweuAponusiod

0860
0960
ove'0-
0¢6°0-
0060
0880
098°0-
0¥8°0-
0280
008°0-
0840
09L°0-
ovL 0
0cL0-
0020
089°0-
099°0-
0r90-
0290
009°0-
085°0-

| 0960~
- 0vS0-

0¢50-
0060~

3OS 'SA A ‘enueiod



US 9,200,166 B2

Sheet 6 of 6

Dec. 1, 2015

U.S. Patent

9 ‘B4

08—

ajensqns o} buieod
uoniqiyui uotsonod Aiddy

009~ —

Buneos uoniqIyul UCISOLIOD
e wioj o} 1ounfpe
aseajal Lewss pue

*g|o1yan uoneaijdde
‘uoiisodiiod uoIqiyu
UOIS0LI0D 3UIqUIo)

S~ 009



US 9,200,166 B2

1
ANTI-CORROSION AND/OR PASSIVATION
COMPOSITIONS FOR METAL CONTAINING
SUBTRATES AND METHODS FOR MAKING,
ENHANCING, AND APPLYING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to, and is a continuation of
patent application Ser. No. 14/316,123, filed Jun. 26, 2014
and entitled “Anti-Corrosion and/or Passivation Composi-
tions for Metal Containing Substrates and Methods for Mak-
ing, Enhancing, And Applying the Same,” which is hereby
incorporated by reference in its entirety. The 123 Application
claims priority to and is a nonprovisional application of U.S.
Provisional Patent Application Ser. No. 61/971,993 entitled
“‘Smart release’ anti-corrosion pigment compositions and
preparation methods for Zn—Ni coated metal substrates” and
filed on Mar. 28, 2014, the contents of which is also hereby
incorporated by reference in their entirety.

BACKGROUND

Conventionally, high-performance post-treatments for
electroplating metal and metal coated substrates (e.g., zinc-
nickel coatings on high strength low alloy steel) are currently
based on hexavalent chromate chemistry. Hexavalent chro-
mium is highly toxic and a known carcinogen. Therefore, an
alternative to chromate post-treatment may be beneficial.

SUMMARY

Various compositions, systems, and methods are disclosed
herein. In various embodiments, a corrosion inhibition com-
position is disclosed comprising a cerium, a silicate com-
pound, and a molybdate compound. In various embodiments,
a corrosion inhibition composition is disclosed comprising a
cerium, a tungstate, a silicate compound and a molybdate
compound. In various embodiments, a corrosion inhibition
composition is disclosed comprising a cerium and a molyb-
date compound. In various embodiments, a corrosion inhibi-
tion composition is provided comprising a zinc oxide, a zinc
hydroxide benzoate, a sodium benzoate, a molybdate and a
silicate compound. In various embodiments, a corrosion inhi-
bition composition is provided comprising a zinc oxide, a
zinc phosphate, a calcium silicate, an aluminum phosphate, a
zinc calcium strontium aluminum orthophosphate silicate
hydrate, a molybdate, and a silicate compound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate a corrosion inhibition compo-
sition coated on substrates in accordance with various
embodiments;

FIG. 2 illustrates inhibition data of various materials,
including those of corrosion inhibition compositions in
accordance with various embodiments;

FIG. 3 illustrates potentiodynamic scans of various mate-
rials, including those of corrosion inhibition compositions in
accordance with various embodiments;

FIG. 4 illustrates potentiodynamic scans of various mate-
rials, including those of corrosion inhibition compositions in
accordance with various embodiments;

FIG. 5 illustrates potentiodynamic scans of various mate-
rials, including those of corrosion inhibition compositions in
accordance with various embodiments; and
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FIG. 6 illustrates a method of application of corrosion
inhibition compositions in accordance with various embodi-
ments.

DETAILED DESCRIPTION

All ranges and ratio limits disclosed herein may be com-
bined. It is to be understood that unless specifically stated
otherwise, references to “a,” “an,” and/or “the” may include
one or more than one and that reference to an item in the
singular may also include the item in the plural.

The detailed description of exemplary embodiments herein
makes reference to the accompanying drawings, which show
exemplary embodiments by way of illustration and its best
mode, and not of limitation. While these exemplary embodi-
ments are described in sufficient detail to enable those skilled
in the art to practice the invention, it should be understood that
other embodiments may be realized and that logical, chemical
and mechanical changes may be made without departing
from the spirit and scope of the invention. For example, the
steps recited in any of the method or process descriptions may
be executed in any order and are not necessarily limited to the
order presented. Moreover, many of the functions or steps
may be outsourced to or performed by one or more third
parties. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one com-
ponent or step may include a singular embodiment or step.
Also, any reference to attached, fixed, connected or the like
may include permanent, removable, temporary, partial, full
and/or any other possible attachment option. Additionally,
any reference to without contact (or similar phrases) may also
include reduced contact or minimal contact.

Corrosion inhibition compositions used on metal and metal
coated substrates are important to many industries. For
example, aircraft landing gear often contain metal coated
substrates in landing gear and other components, such as
bushings. Metal coated substrates are also used in other con-
texts, such as in other vehicles such automobiles, trains, and
heavy equipment. In addition, metal coated substrates are
found in construction contexts.

Asused herein, a “substrate” may include any metal and/or
metal coated material. For example, a substrate may comprise
iron, coated iron, steel, coated steel, stainless steel, coated
stainless steel, nickel, coated nickel, aluminum, coated alu-
minum, bronze, coated bronze, and copper beryllium, coated
copper beryllium, zinc and/or coated zinc. In various embodi-
ments, stainless steel may comprise a high strength stainless
steel such as 15-5PH. In various embodiments, a substrate
may comprise a chromium-nickel-tungsten martensitic alloy
(also known as Greek Ascoloy). In various embodiments,
steel may comprise a high strength low-alloy steel such as
4340 or 300M. In various embodiments, a substrate may
comprise a metal that is coated with another material. A
coating may be applied by electroplating, cold spraying or
other suitable methods. Coatings may comprise one or more
metals, such as nickel (Ni), zinc (Zn), cadmium (Cd), tita-
nium (Ti) and combinations thereof. For example, in various
embodiments, a substrate may comprise a coated low alloy
steel (e.g., 300M steel) comprising a Zn—Ni coating. In
various embodiments, a substrate may comprise a coated
steel comprising a Cd and/or a TiCd coating, optionally chro-
mate conversion top-coated overcoat. In various embodi-
ments, a substrate may comprise a zinc alloy and/or a TCP
(trivalent chromium process (Trivalent Cr coating process)
coated zinc alloy. In various embodiments, a substrate may
comprise bare steel and/or bare stainless steel. In various
embodiments, a substrate may comprise aluminum-nickel-
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bronze alloys and/or copper alloys. In various embodiments,
a substrate may comprise aluminum and aluminum alloys.

White rust is a form of corrosion product that may affect
substrates comprising zinc. For example, white rust may
affect bare zinc and/or metals coated with zinc containing
materials, such as Zn—Ni coated or plated steel, since the
former functions as a sacrificial coating that protects a steel
substrate from corroding. Exposure to water and carbon diox-
ide may cause zinc oxide and/or zinc hydroxide to form,
which may be referred to as white rust, eventually leaving the
steel substrate unprotected against corrosion. To aid in pre-
venting this form of corrosion and/or to promote surface
passivation, among other things, it may be beneficial to coat a
substrate with a corrosion inhibition composition. This cor-
rosion inhibiting composition may also protect the substrate
at scratched or damaged areas, and/or areas where the sacri-
ficial coating has failed.

A corrosion inhibition composition may comprise one or
more materials that inhibit at least one form of corrosion of a
substrate and/or promote surface passivation of a substrate. In
various embodiments, a corrosion inhibition composition
may comprise one of more constituent species that may be
referred to as pigments or corrosion inhibition constituents. In
various embodiments, the corrosion inhibition constituents
may combine in a synergistic manner to help prevent corro-
sion of a substrate and/or promote surface passivation of a
substrate.

A corrosion inhibition composition may be mixed with an
application vehicle to aid the application of the corrosion
inhibition composition to a substrate. An application vehicle
may be one or more materials that aid in the dispersing and/or
application of a corrosion inhibition composition to a sub-
strate. For example, an application vehicle may comprise an
organic resin matrix. In various embodiments, organic resin
matrices used as application vehicles include one or more of
an epoxy, a polyurethane, an alkyd, a polysulfide, a silicone,
an acrylic, or butadiene. In that regard, the corrosion inhibi-
tion composition, and/or a smart release adjunct, as described
herein, may be referred to as a corrosion inhibition organic
coating.

As further described herein, the efficacy of the use of
molybdates as corrosion inhibition constituents is related to
the solubility of molybdate. The higher solubility, the better
inhibition molybdates tend to offer. However, using a high
solubility of molybdate in corrosion inhibition organic coat-
ings may produce other issues in corrosion inhibition organic
coating application, such as formation of blistering, or a lack
of'long-term corrosion protection performance. In addition, it
is beneficial for a corrosion inhibition organic coating to have
a poorly soluble corrosion inhibition composition. Thus, a
sparingly soluble corrosion inhibition composition may be
beneficial. For example, in accordance with various embodi-
ments, a corrosion inhibition composition may have a solu-
bility of between 0.1 and 20 millimolar (mM) (where 1
mM=10"> mol/L), between 0.5 mM and 15 mM, and between
1 mM and 10 mM.

In that regard, a smart release adjunct may be used to
enhance molybdate solubility in corrosion inhibition compo-
sitions that contain molybdate. A smart release adjunct may
be any material that regulates the solubility of molybdate.

In various embodiments, a corrosion inhibition composi-
tion may regulate the corrosion current of a substrate in
sodium chloride solution to values at or below those achieved
with a saturated strontium chromate solution, with or without
the presence of dissolved oxygen. In addition, a corrosion
inhibition composition may maintain an open circuit poten-
tial (OCP) relationship of steel greater than Cd, TiCd, and
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plated Zn alloys and/or maintain a corrosion current of Cd,
TiCd and Zn alloy plating greater than steel. The present
inventors have found that substances such as silicate, molyb-
date and tungstate compounds tend to inhibit corrosion while
elevating the open circuit potential of metals to differing
degrees. The present inventors have also found that com-
pounds such as rare earth metal cations, zinc phosphate and
benzoate compounds inhibit corrosion while depressing the
open circuit potential. In addition, corrosion inhibition com-
positions and corrosion inhibition organic coatings, in accor-
dance with various embodiments, tend to preserve the gal-
vanic relationship between zinc nickel and steel, where zinc
nickel is sacrificial to steel, where the substrate is steel coated
with (e.g., plated with) zinc nickel.

A corrosion inhibition composition may, in various
embodiments, comprise a cerium, a silicate compound, and a
molybdate compound. As used herein, a molybdate is a com-
pound that contains an oxide of molybdenum. In various
embodiments, the molybdate compound is ZnMoO,, and or
CaMoO,. In various embodiments, the cerium comprises
between 10% and 90% by weight (% wt) of the corrosion
inhibition composition. As used herein, the term “% wt” or
“% by weight,” used in reference to a corrosion inhibition
composition, may refer to the percentage weight of a corro-
sion inhibition constituent or a group of corrosion inhibition
constituents over the weight of the entire corrosion inhibition
composition. For the avoidance of doubt, the weight of the
entire corrosion inhibition composition in % wt does not
include the weight of any application vehicle and/or smart
release adjunct used in a corrosion inhibition organic coating.
In various embodiments, molybdate compound (e.g.,
ZnMoO,) comprises between 10% and 90% by weight of the
corrosion inhibition composition. In various embodiments,
the cerium comprises 50% by weight of the corrosion inhibi-
tion composition and the molybdate compound (e.g.,
ZnMoO,) comprises 50% by weight of the corrosion inhibi-
tion composition. A corrosion inhibition composition may, in
various embodiments, comprise a cerium and a molybdate
compound. In a various embodiments, cerium and molybdate
compounds each comprise 50% by weight of the corrosion
inhibition composition.

A corrosion inhibition composition may, in various
embodiments, comprise a cerium, a tungstate, a molybdate,
and a silicate compound. As used herein, a tungstate is a
compound that contains an oxide of tungsten. In various
embodiments, the molybdate compound is at least one of
ZnMoO,, CaMoO,, or MgMoO,,. In various embodiments,
the silicate compound is at least one of MgSiO;, ZnSiO;, or
CaSiO;. In various embodiments, the cerium and the tung-
state, collectively or individually, comprise between 10% and
90% by weight of the corrosion inhibition composition. In
various embodiments, molybdate compound (e.g., ZnMoQO,)
comprises between 10% and 90% by weight of the corrosion
inhibition composition. In various embodiments, the silicate
compound (e.g., MgSiO;) comprises between 10% and 90%
by weight of the corrosion inhibition composition. In various
embodiments, the cerium and/or the tungstate, collectively or
individually, comprise 33% by weight of the corrosion inhi-
bition composition, the molybdate (e.g., ZnMoO,) com-
pound comprises 33% by weight of the corrosion inhibition
composition and the silicate (e.g., MgSiO;) compound com-
prises 33% by weight of the corrosion inhibition composition.
In various embodiments, the cerium, the molybdabate and the
silicate each comprise 33% by weight of the corrosion inhi-
bition composition.

A corrosion inhibition composition may, in various
embodiments, comprise a zinc oxide, a zinc hydroxide ben-
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zoate, a sodium benzoate, a molybdate and a silicate com-
pound. In various embodiments, the molybdate compound is
ZnMoO,, CaMoOQ,, or MgMoO,. In various embodiments,
the silicate compound is at least one of MgSiO;, ZnSiO;, or
CaSiO;. In various embodiments, the zinc oxide, the zinc
hydroxide benzoate, and the sodium benzoate, collectively,
comprise between 10% and 90% by weight of the corrosion
inhibition composition. In various embodiments, molybdate
compound comprises between 10% and 90% by weight of the
corrosion inhibition composition. In various embodiments,
the silicate compound comprises between 10% and 90% by
weight of the corrosion inhibition composition. In various
embodiments, the zinc oxide, the zinc hydroxide benzoate,
and the sodium benzoate, collectively, comprise 33% by
weight of the corrosion inhibition composition, the molyb-
date compound comprises 33% by weight of the corrosion
inhibition composition and the silicate compound comprises
33% by weight of the corrosion inhibition composition.

A corrosion inhibition composition may, in various
embodiments, comprise a zinc oxide, a zinc phosphate, a
calcium silicate, an aluminum phosphate, a zinc calcium
strontium aluminum orthophosphate silicate hydrate, a
molybdate, and a silicate compound. In various embodi-
ments, the molybdate compound is ZnMoO,, CaMoO,, or
MgMoO,. In various embodiments, the silicate compound is
at least one of MgSiO;, ZnSiO;, or CaSiO;. In various
embodiments, the zinc oxide, the zinc phosphate, the calcium
silicate, the aluminum phosphate, and the zinc calcium stron-
tium aluminum orthophosphate silicate hydrate, collectively,
comprise between 10% and 90% by weight of the corrosion
inhibition composition. In various embodiments, molybdate
compound comprises between 10% and 90% by weight of the
corrosion inhibition composition. In various embodiments,
the silicate compound comprises between 10% and 90% by
weight of the corrosion inhibition composition. In various
embodiments, zinc oxide, the zinc phosphate, the calcium
silicate, the aluminum phosphate, and the zinc calcium stron-
tium aluminum orthophosphate silicate hydrate, collectively,
comprise 33% by weight of the corrosion inhibition compo-
sition, the molybdate compound comprises 33% by weight of
the corrosion inhibition composition and the silicate com-
pound comprises 33% by weight of the corrosion inhibition
composition.

With reference to FIG. 1A, substrate 102 is shown coated
with corrosion inhibition composition 104. With reference to
FIG. 1B, substrate 150 is shown having coating 152. Coating
152 may comprise Zn and Ni. Substrate 150 is also shown
coated with corrosion inhibition composition 154.

Surprisingly, certain corrosion inhibition compositions
demonstrated a synergetic effect. With reference to FIG. 2,
results of a screening test are shown. Testing was performed
on a number of corrosion inhibition compositions. Corrosion
current between substrate electrodes of the same size was
measured in the inhibited electrolyte under an externally
imposed potential difference ranging between larger than
OmV and 200 mV. Corrosion inhibition compositions were
screened for inhibition by comparing steady state corrosion
current at inhibitor saturation level in a typical electrolyte
(e.g. 3500 ppm NaCl) versus the un-inhibited electrolyte
control and the chromated inhibitor baseline (e.g. SrCrO,).

The x axis of FIG. 2 shows the type of corrosion inhibition
composition tested. Each corrosion inhibition composition
tested was tested on TCP-ZnNi-plated steel (left bar) and
ZnNi-plated steel (right bar). The y axis shows the current
measured in pA. As shown, a composition consisting of a
molybdate compound and a silicate compound is shown as
corrosion inhibition composition 202. A composition consist-
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6

ing of a zinc oxide, a zinc hydroxide benzoate, and a sodium
benzoate is shown as composition 204. A composition com-
prising a zinc oxide, a zinc hydroxide benzoate, a sodium
benzoate, a molybdate and a silicate compound is shown as
composition 206. As illustrated, the current exhibited by
composition 206 is lower than what would have been
expected by additively combining composition 202 and com-
position 204.

Also as shown, a composition comprising a cerium, a
molybdate and a silicate compound is shown as composition
208.

Inhibition level measurements were taken over TCP/ZnNi-
plated steel, ZnNi-plated steel, bare steel, and CCC/Cd-
plated steel substrates. The below table summarizes the
results in TABLE 1.

TABLE 1

Leorrosion and Igalvanic (nA/
cm?) for different Substrates

Pigment Blend Formulation TCP/ Bare CCC/
(equal wt parts each) ZnNi ZnNi  Steel Cd
cerium and molybdate 006 0203 12 45
~0 1-2 — 67
cerium, molybdate and silicate 0.04-0.05 0.1-02 34 67
1-2 3-6 — =20
zinc oxide, zinc hydroxide benzoate, 0.03-0.04 0.6-0.7 1-2 5-6
sodium benzoate, molybdate and ~2 5-6 — =20
silicate
zinc oxide, zinc phosphate, calcium 0.03-0.04 0.7-08 12 5-6
silicate, aluminum phosphate, zinc 0.1-0.2 2-3 — 8-10
calcium strontium aluminum
orthophosphate silicate hydrate,
molybdate and silicate
Strontium Chromate (baseline) 0.05 0.1-02 12 7-10
3-4 ~0.5 —  ~10
3500 ppm NaCl (control) 0.2 04 810 89
~70 ~20 — ~40

As shown, all corrosion inhibition compositions exhibited
similar corrosion rates and similar or lower galvanic corro-
sion rates compared to strontium chromate on TCP/ZnNi-
plated steel substrate, and comparable rates on uncoated
ZnNi-plated steel substrate. On CCC/Cd-plated steel sub-
strate all shown corrosion inhibition compositions exhibited
similar or comparable corrosion and galvanic corrosion rates
compared to strontium chromate. Finally, on bare steel all
shown corrosion inhibition compositions exhibited similar
corrosion rates compared to strontium chromate. As shown,
the corrosion current of the corrosion inhibition compositions
is less than or about 0.06 pA/cm? on a TCP ZnNi-plated steel
substrate in 3500 ppm NaCl in water

With reference to FIG. 3, potentiodynamic scans are
shown. As shown, there is a synergistic effect of combining a
rare earth metal compound with at least one of a silicate or a
molybdate compounds. An exemplary mixture of a cerium is
available commercially under the trademark ECOTUFF from
United Technologies Corporation and shown in FIG. 3.

With reference to FIG. 4, potentiodynamic scans are
shown. As shown, there is a synergistic effect of combining
zinc oxide, a zinc hydroxide benzoate, and a sodium benzoate
with at least one of a silicate or a molybdate compounds.

With reference to FIG. 5, potentiodynamic scans are
shown. As shown, there is a synergistic effect of combining
the zinc oxide, the zinc phosphate, the calcium silicate, the
aluminum phosphate, and the zinc calcium strontium alumi-
num orthophosphate silicate hydrate with at least one of a
silicate or a molybdate compounds.
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As described above, one or more smart release adjuncts
may be used in a corrosion inhibition organic coating. The
smart release adjunct aids in the solubility of the corrosion
inhibition composition.

In various embodiments, a complexing agent (e.g., nico-
tinic acid or a salt of nicotinic acid) is used as smart release
adjunct to increase the solubility of CaMoO,/CaSiO; pig-
ments.

In various embodiments, an anion (e.g., the oxalate anion
C,0,% of MgC,0,%") is used as smart release adjunct to
react with a targeted cation (.e.g, Ca*"), forming the lower
solubility CaC,0, thus increasing the solubility of CaMoO,/
CaSiO; pigments. In various embodiments, a tungstate
WO,* (e.g. Na,WO, or CaWO,) is combined with SrtMoO,,
pigment forming the lower solubility StWO, thus increasing
the solubility of SrMoQO,.

In various embodiments, MgSiO; combined with ZnMoO,,
is used as smart release adjunct with a corrosion inhibition
composition that has a high percentage by weight of MoO >~

With reference to FIG. 6, method 600 is illustrated. In step
602, one or more smart release adjuncts may be combined
with a corrosion inhibition composition and an application
vehicle (e.g. organic resin matrix) to form a corrosion inhibi-
tion organic coating. In step 604, corrosion inhibition organic
coating may be painted or otherwise distributed on a substrate
and allowed to dry. For example, a corrosion inhibition
organic coating may be applied using a brush and/or roller. A
corrosion inhibition organic coating may also be applied by
dipping or by spraying. Spraying may involve a pump style
paint application system, with or without the use of air, to
spray the corrosion inhibition organic coating onto the sub-
strate. In various embodiments, spraying may involve the use
of a propellant, such as a volatile hydrocarbon, to pressurize
the corrosion inhibition organic coating and propel the cor-
rosion inhibition organic coating onto the substrate. Step 604
may be repeated one or more times to build one or more layers
onto the substrate.

Systems, methods and computer program products are pro-
vided. In the detailed description herein, references to “vari-
ous embodiments”, “one embodiment”, “an embodiment”,
“an example embodiment”, etc., indicate that the embodi-
ment described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of
one skilled in the art to affect such feature, structure, or
characteristic in connection with other embodiments whether
or not explicitly described. After reading the description, it
will be apparent to one skilled in the relevant art(s) how to
implement the disclosure in alternative embodiments.

Benefits, other advantages, and solutions to problems have
been described herein with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any elements that may cause any benefit, advantage, or solu-
tion to occur or become more pronounced are not to be con-
strued as critical, required, or essential features or elements of
the invention. The scope of the invention is accordingly to be
limited by nothing other than the appended claims, in which
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reference to an element in the singular is not intended to mean
“one and only one” unless explicitly so stated, but rather “one
or more.” Moreover, where a phrase similar to “at least one of
A, B, or C” is used in the claims, it is intended that the phrase
be interpreted to mean that A alone may be present in an
embodiment, B alone may be present in an embodiment, C
alone may be present in an embodiment, or that any combi-
nation of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C, or A
and B and C. Furthermore, no element, component, or
method step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element, com-
ponent, or method step is explicitly recited in the claims. No
claim element herein is to be construed under the provisions
of 35 U.S.C. 112(f) unless the element is expressly recited
using the phrase “means for.” As used herein, the terms “com-
prises”, “comprising”, or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus.

The invention claimed is:

1. A corrosion inhibition composition comprising a zinc
oxide, a zinc hydroxide benzoate, a sodium benzoate, a
molybdate compound and a silicate compound.

2. The corrosion inhibition composition of claim 1,
wherein the molybdate comprises between 10% and 90% by
weight of the corrosion inhibition composition.

3. The corrosion inhibition composition of claim 1,
wherein the silicate compound comprises between 10% and
90% by weight of the corrosion inhibition composition.

4. The corrosion inhibition composition of claim 1, further
comprising an application vehicle comprising at least one of
an epoxy, a polyurethane, an alkyd, a polysulfide, a silicone,
an acrylic, or butadiene.

5. The corrosion inhibition composition of claim 4, further
comprising a smart release adjunct comprising at least one of
nicotinic acid, a salt of nicotinic acid, MgC,0,, Na,WO,,
CaWO,, or a mixture of MgSiO; and ZnMoO,,.

6. The corrosion inhibition composition of claim 1,
wherein the zinc oxide, the zinc hydroxide benzoate, and the
sodium benzoate, collectively, comprise 33% by weight of
the corrosion inhibition composition, the molybdate com-
pound comprises 33% by weight of the corrosion inhibition
composition and the silicate compound comprises 33% by
weight of the corrosion inhibition composition.

7. The corrosion inhibition composition of claim 1,
wherein the molybdate compound is at least one of the
ZnMoQ,,, CaMoQO,, or MgMoQ,,.

8. The corrosion inhibition composition of claim 1,
wherein the silicate compound is at least one of the MgSiO,,
Zn8Si0, or CaSiO;.

9. The corrosion inhibition composition of claim 1,
wherein a corrosion current of the corrosion inhibition com-
position is at least one of less than or about 0.06 pA/cm® a
trivalent chromium process (“TCP”) in 3500 ppm NaCl in
water.

10. An aircraft landing gear component coated with the
corrosion inhibition composition of claim 1.

#* #* #* #* #*



